The effect of the wave from a spark of moderate intensity is negligible; the wave formerly assumed to be from the spark, and known to have a pronounced effect on the flame, arises in the flame, or possibly in the region immediately in the rear of the flame, some time after ignition.
average interchange of energy when gas atoms strike and rebound from a slightly hotter metal surface is very markedly affected by the presence of such adsorbed films. The accommodation coefficient is a quantitative measure of the efficiency of this interchange and for neon with a tungsten surface the removal of all adsorbed films caused the accommodation coefficient to change almost by an order of magnitude (0*6 for an ordinary surface covered with adsorbed films of impurity and about 0*07 or 0*08 for a bare tungsten surface). This suggested that the accommodation coefficient of neon could be used as an indicator in studying the adsorption on bare tungsten of known gases mixed with the neon. The application to the study of the adsorption of hydrogen of the method that has been developed with this idea as a basis is described* in § 2.
A second new experimental method has been used in which it is possible under certain conditions to measure heats of adsorption on a single fine wire. This is described in § 3. The methods are being used with all the metal-gas systems to which they are applicable.
2-A ccommodation Coefficient of N eon
The apparatus for measuring accommodation coefficients, described in one of the earlier papers,! was modified by the addition of a side tube leading to a gas pipette, by means of which small amounts of hydrogen could be admitted at will to the neon, which was continuously circulated through suitably placed charcoal tubes immersed in liquid air, so that it was kept free from any adsorbable impurities coming off the glass. The hydrogen was introduced into a reservoir connected to the pipette by heating a palladium tube.
As in the earlier experiments, the neon, before the admission of any hydrogen, was circulated for some time, and the wire was flashed at a temperature well above 2000° K to remove any adsorbed films from its surface. When the wire had cooled down, a measured current was passed through it sufficient to raise its temperature ten or twenty degrees above that of the bath in which the containing tube was immersed, and readings of resistance and time were taken, the pressure of the neon being measured on a MacLeod gauge. From each resistance measurement a value of the accommodation coefficient was deduced. These values showed a slow and, in some experiments, almost inappreciable drift with time, showing that the amount of adsorbable impurity in the neon was extremely small.* After a short time a trace of hydrogen was admitted to the stream of neon. The accommodation coefficient began to increase and rose comparatively rapidly to a steady final value of 0-17 at 295° K and 0-32 at 79° K, as shown in fig. 1 , in which the accommodation coefficient of neon is plotted as a function of the time, curve (a) referring to 295° K and curve (b) to 79° K. The time zero is taken as the time at which the hydrogen was admitted, and is indicated by the arrow. The time at which each experi ment started, that is when the flashing current was cut off, is also indicated by an arrow. The results given refer to an experiment in which the pres sure of the neon was 0*07 mm and that of the hydrogen introduced was 4 x 10~4 mm, the latter pressure being obtained by admitting the same amount of hydrogen into the evacuated apparatus, and measuring -the pressure produced on the MacLeod gauge. * It may be mentioned that the phenomena about to be described would be com pletely masked if this residual drift were not very small. Mann, * Proc. Roy. Soc.,' A , vol. 146, p. 779 (1934), appears to imply a criticism o f the linear extrapolation to zero time used in the earlier papers to obtain the accommodation coefficient o f a bare surface. Where the drift due to contamination is very small this linear extrapolation is fully justified. In some o f the first experiments carried out the purity was not so high as later, and these showed a more marked drift and not a straight line. The curves in such cases were extrapolated to zero time by fitting a suitable exponential formula to them, and the extrapolated values for a bare surface did, in fact, agree with those obtained in the later and better experiments when the drift was negligibly small.
The change in accommodation coefficient must be due to the adsorption of hydrogen on the tungsten surface at this low partial pressure. To show that it was not due to small traces of oxygen in the hydrogen, the experi ment was carried out admitting, instead of hydrogen, the same volume of air at the same partial pressure as the hydrogen in the above experiment. No trace of the phenomenon described above was observed; that is, the charcoal tubes removed completely this relatively very large amount of oxygen. The possibility that the effect is due to traces of oxygen is there fore completely excluded.
Further experiments showed that the final value of the accommodation coefficient of the neon was not affected appreciably if the partial pressure of the hydrogen was increased to 3 x 10-3 mm-that is nearly ten times.* This indicates that the state of the adsorbed film is not affected by increasing the pressure of the gas nearly ten times. We are thus forced to the conclusion that the film is saturated at the lower pressure.! A further characteristic is that the adsorption process is not a slow one, saturation being reached in a short time even at these low pressures and at 79° K.
3-M e a su r em en t o f H eat of A d so r p t io n
Since saturation probably means the formation of a complete monomolecular film, the fact that this occurs at very low pressures of hydrogen, and that the adsorption takes place rapidly, raises the possibility of measuring the heat of adsorption on a single fine wire. It is, of course, necessary to use a wire or fine strip if the surface is to be bare before the hydrogen is admitted to it, and only with a bare surface is this type of adsorption observed.
* At these higher partial pressures it was necessary to make a correction for the heat carried away from the wire by the hydrogen, since hydrogen, owing to its smaller mass and to the fact that it has rotational as well as translational energy, is a more efficient agent than neon at the same pressure. In making the correction it was assumed that the accommodation coefficient o f hydrogen on a tungsten surface was 0-22. This is the " in itial" value given by Blodgett and Langmuir (' Phys. Rev.,' yol. 40, p. 78 (1932)), and refers to tungsten flashed vacuo to which hydrogen is then introduced. a portion o f the last sentence on the page) sa y : " . . .w e believe that we never have a bare W surface in contact with hydrogen at low temperatures, but instead o f this an HW surface. . . ." The present work provides direct experimental evidence that this view is correct even at very much lower pressures than were considered by them. Direct evidence for such a view must be o f the nature o f that given in the present paper, that is, the difference between the bare and the covered surface must be observed directly.
The idea underlying the method was that the wire itself on which the adsorption took place should form the calorimeter. There is a great advantage in having the heat liberated just where it is wanted, and in knowing the apparent area of the surface on which adsorption takes place. The thermal capacity of the wire is known from its diameter {0-0066 cm) and length (28-2 cm), and the density and specific heat of the material of which it is made. If its mean rise of temperature when the adsorption takes place can be measured, the total heat given out by the adsorption process can be obtained immediately. The measurement of the amount of gas adsorbed will be considered in due course.
The apparatus* is shown in fig. 2 . The wire was contained in a tube W protected from mercury and other vapours by liquid air traps. This tube and the tube G containing the Pirani gauge were immersed in a large Dewar vessel filled with oil. The necessary small amount of hydrogen was obtained by expanding one charge of the gas pipette P connected to the hydrogen reservoir into a large volume B (not shown), and then admitting to the part of the apparatus containing the wire the amount of this expanded gas contained in the small volume A between the two mercury cut-offs.
The actual experimental procedure in its simplest form was as follows:
(i) The wire was flashed and when the flashing current was cut off the wire was connected to a sensitive and carefully designed bridge, in which a Paschen galvanometer was used. As the wire cooled down the galvano meter showed a drift with time. After about ten minutes this drift was * The method was first tried out with the assistance o f B. Whipp, and a short account o f these preliminary experiments was published (' Proc. Camb. Phil. Soc.,' vol. 30, p. 376 (1934)) when he left the department. The purpose o f this preliminary work was to show that the method is a practicable one. To do this it was necessary to establish in a general way that the measured heat o f adsorption was independent o f various factors, and in particular o f the following: ( ) The amount o f gas adsorbed within reasonable limits; in the later experiments described above it has been possible to trace the variation of heat o f adsorption as the surface becomes more and more covered; (6) the bridge current used; (c) the amount o f gas remaining after adsorption which determines the final heat loss from the wire. It was also shown by storing the hydrogen over charcoal in a tube immersed in liquid air that the effects observed were not due to traces of oxygen in the hydrogen. To show that hydrogen was not being adsorbed on tungsten evaporated from the filament on to the glass, the flashing current was varied enough to alter the vapour pressure of the tungsten by a large factor, but there was no effect on the heat o f adsorption. The significance o f these points will be realized when the details of the method have been given, and they need not be discussed further. The method has since been developed, using the new and improved apparatus described above.
sufficiently slow to be easily followed and controlled by altering one of the other arms of the bridge. When this stage was reached the apparatus was cut off from the pumps, the hydrogen charge was prepared, and regular readings of the galvanometer deflection and time were taken. A ToMc Leod a n d B
To small amount of hydrogen was then admitted to the apparatus, and the galvanometer showed a deflection in the direction corresponding to a rise of temperature of the filament as shown in fig. 3 . The time of admission, the maximum reading, and the time of its occurrence were noted. The deflection of the Pirani gauge was read at the same time. The hydrogen was now pumped out, the deflection of the Pirani gauge on evacuation being measured as a check.
(ii) The volume A was then refilled from B so that the pressure in it was the same as in (i).* This hydrogen was admitted to the evacuated apparatus without flashing the wire. The deflection of the Pirani gauge was measured, and was greater than for the same amount of hydrogen in (i) because there was no adsorption on the unflashed wire.f At the same time it was observed, as would be expected, that there was practically no deflection of the Paschen galvanometer. This hydrogen was in general pumped out and the Pirani gauge deflection again read, but in some experiments, as a check, a second lot was admitted without pumping out the first lot and the Pirani gauge deflection measured. The Pirani gauge was calibrated by diminishing the bridge sensitivity in a measured ratio and comparing the gauge directly with a MacLeod gauge.
Provided the volume of the apparatus is known, the Pirani gauge readings give directly the amount of gas adsorbed on the wire in (i). The volume was determined in the ordinary way by expanding air at a few cm pressure from a measured volume into the apparatus, and measur ing the pressure change.T o obtain the temperature rise of the filament from the readings a correction had to be made for the cooling during the time when the deflection was occurring. This correction, which was small and never more than about 10% of the total deflection, was obtained in the usual way by a study of the slope of the temperature time curve at different points. The change of resistance corresponding to a given galvanometer deflection was obtained by altering by a small known amount a large shunt in the opposite arm of the bridge, the resistance of which was equal to that of the filament. The temperature change was deduced from the temperature coefficient of tungsten from the same reel which had been measured in the earlier accommodation coefficient experiments. The heat evolved in the adsorption process is given by the expression m s AT, where m is the mass of the wire, s the specific heat, and AT the rise of temperature.
The above description gives the principle of an experiment which determines the average heat of adsorption with the surface at the end fully covered. This procedure was not followed exactly, but the amount of hydrogen admitted in one charge of A was made less than was necessary to cover the surface completely. When the first charge was admitted there was a heating effect, but there was no pressure change sufficient to be indicated on the Pirani gauge (that is, it was less than 2 or 3 x 10-7 mm). Thus even at these low pressures adsorption was complete and rapid.* Charge after charge was admitted, and the heating effect measured each time. Finally, when saturation was reached, the Pirani gauge showed a deflection, and from this it was possible to deduce the amount admitted at each charge and so to obtain the variation of heat of adsorption as the surface became progressively more covered.
The results of these experiments are collected together in Table I , and are discussed in the following sections.
4-N u m b e r o f M o l e c u l e s A d s o r b e d
It is of interest to compare the total number of hydrogen molecules adsorbed with the number of tungsten atoms in the surface of the wire. In the (110) plane of tungstenf there are 1 4 -2 4 .1014 atoms per cm2. The superficial area of the filament was 0 • 58 cm2, which would give 8-3 x 1014 tungsten atoms in the surface. This must be reduced by a small factor on account of the fact that when the wire was flashed short lengths near the ends were below 2000° K, so that these lengths would probably not be completely freed from oxygen. Calculation showed that this can be allowed for by multiplying by 26-6/28-2, giving effectively 7-8 X 1014 tungsten atoms in the surface if it were smooth.
We shall see, as the results are discussed, that a satisfactory and con sistent quantitative account of the whole process can be given if the hydrogen is adsorbed as atoms. If the wire were smooth and if there were one atom of hydrogen per atom of tungsten in the surface, the number of molecules that could be adsorbed would be 3-9 x 1014.
In experiments I, II, and III the observed numbers adsorbed were 4-2, 4-4, and 4*3 x 1014 respectively. In order to reconcile these with the number of spaces in the smooth surface, it must be supposed that the roughness of the wire increases its effective area in the ratio 4 • 4/3 • 9, or 1 • 1 times. This is reason able, and may be compared with 1 -4 de duced by Taylor and Langmuir* from experiments on the adsorption of caesium on tungsten. We conclude, therefore, that each tungsten atom on the surface adsorbs one atom of hydrogen.
5-H eat of A dsorption
The heats of adsorption of successive lots of hydrogen admitted to the filament flashed at the beginning of each experiment, but not in between the admissions numbered 1,2,3, etc., are given in the last column of Table I and are plotted as a function of the number of unfilled spacest on the surface in fig. 4 . The relative values of the heats for the successive admissions in a particular experiment can be fixed with a very much higher accuracy than the absolute values which are used in comparing different experiments.
To deduce the heat of adsorption when a hydrogen molecule strikes a bare surface, we extrapolate to the value corresponding to 8-8 x 1014, the maximum number of atoms adsorbed, and obtain 45 kilocalories per mol H 2. On the other hand, if a hydrogen molecule strikes a place on the surface where two adjacent atoms are bare and all the surrounding places within appreciable range are already covered, the heat of adsorp tion is 18 kilocalories per mol H 2.
6-T h e o r y o f H e a t o f A d s o r p t io n . E l e c t r ic a l P r o p e r t ie s o f H y d r o g e n F il m
It has already been mentioned that there is strong evidence for the view that the hydrogen is adsorbed as atoms with one atom for each tungsten atom in the surface. We shall assume as before that we have to do with a (110) plane of the tungsten crystal. In this the atoms are arranged at the intersections of a rectangular mesh, the sides of the elementary rectangles being a and a V2 , and there is one further atom at the centre of each rectangle, so that each atom is surrounded by four equally removed others at a distance a V3 /2. Now when, at a given stage in the adsorption process, a molecule is adsorbed on two adjacent bare tungsten atoms, a certain number of the other three places immediately surrounding each of the spaces where one of the atoms is adsorbed will be occupied. For an immobile film, in which every molecule striking a possible pair of vacant spaces on the surface is adsorbed, this number is on the average strictly proportional to the total number of occupied places on the surface.
Let the energy in calories per gram-atom required to remove one hydrogen atom be as follows: If there is only one hydrogen atom on the surface, Q. If the four places surrounding the atom in question are occupied by hydrogen atoms and the rest of the surface is bare, (Q -4Xx). If the whole surface is covered, (Q -4Xx -Xa), the term 4Xx arising from the four nearest atoms and the term X 2 from the rest. For the sake of clearness it is convenient to assume at first in this way that the effect of an adsorbed atom at a given distance is independent of the fraction of the surface covered. This assumption can easily be removed later.
Let us obtain expressions for the heat of adsorption of a molecule of H 2 into an immobile film under various conditions, if D calories per mol H 2 is the heat of dissociation in the gas state. (3)
Combining equations (1) and (2), we obtain 3Xx + X 2 = 13,500 calories.
This, of course, depends on the assumptions made that the effect of an atom at a given distance does not depend on the fraction of the surface covered, and that the film is immobile. The relative magnitudes of Xx and X 2 can be determined only if the nature of the forces which give rise to them is known. It will now be assumed that the forces are electrostatic. In considering the equation of state of caesium atoms adsorbed on tungsten, Langmuir* has treated the question of such electrostatic forces in detail, and has pointed out that, if the separation of charge between the adsorbed atom and the surface produces for each atom a dipole of moment M e.s.u., the potential energy of two adsorbed atoms a distance r cm apart is M2/2r3 ergs, i.e., one-half that between two dipoles. We consider one adsorbed atom and calculate the potential energy of this atom due to all the other adsorbed atoms on a completely covered surface.
We have just seen that, when we are concerned with the adsorption as atoms of diatomic molecules, the four nearest atoms must be con sidered separately from the rest. In accordance with the notation already used, let xx ergs be the contribution of each of these four atoms to the total potential energy, where xt = (Xi/No) . [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . 107.
Similarly, let x 2 ergs be the contribution of all the other atoms to the potential energy. The distribution of the atoms has been discussed at the beginning of this section. To calculate the total potential energy, a circle of radius 3* 2 aw as drawn around the atom under consideratio and the contribution of each atom inside this circle was calculated indi vidually, while that of the atoms outside was calculated by integration, assuming a uniform distribution of particles of surface density a = per unit area. In this way three-quarters of the total value of jc2 was calculated directly, and only the remaining quarter by integration. It was found that *i = 0*77 M2/a3, | * 2 = 5-12 M2/**3.) W It may be mentioned here that the change in the work function of the surface when an adsorbed film is formed is
where a is the surface density of adsorbed atoms. There is experimental evidence that for caesium films on tungsten* the electric moment per adsorbed atom diminishes as the surface becomes more and more covered. Langmuir has explained this as being due to the depolarizing effect on a given adsorbed atom of the field due to all the other adsorbed atoms. Taylor and Langmuir (toe. cit., fig. 14, p. 437) give for caesium films Vc, the contact potential against bare tungsten, as a function of 0, the fraction of surface covered. Vc/0 is proportional to M, and, if from Taylor and Langmuir's data we deduce the value of Ve/0 and plot it against 0, we obtain a nearly linear curve which can be extra polated to 0 = 0, and to 0=1, giving Vc/0 = 9-8 for 0 = 0, and Vc/0 = 2-6 for 0 = 1 . The ratio of these is 3*8, so the variation in this case is considerable. , ' Phys. Rev.,' vol. 44, p. 423 (1933). Compare also for  thorium films, Langmuir, ' Acta phys. chim. U .S.S.R .,' vol. 1, p. 378 (1934) .
* Taylor and Langmuir
If M varies in a similar way for the hydrogen film, the effect from our point of view is important, as it modifies equation (3) and makes the relation between heat of adsorption and 0 non-linear. To show this, let us assume a linear variation of M with 0 and put
where M 0 is the value of M for 0 = 0, M x for 0 = 1 . Xx and X 2 in equation (3) will not now be constants, but will vary with 0 and to a first approximation* we may take both proportional to M2; that is Xi + 0 -7 7 /M 2 | X 2 = 5 -1 2 /M 2 J* l f where the factor/includes the a3 factor and conv Substituting from equations (8) and (9) in (3), and assuming as a definite example that M 0 = 2 Ml5 we obtain for the heat of adsorption per mol H 2 2Q -D -3 -0 8 /M i2 -4 (14-09 0 -14-67 02 + 3-72 b3) / ]^2. (10) We know (see fig. 4 ) that for 0 = 0 the heat of adsorption is 45,00 for 0 = 1 it is 18,000. Using these results in equation (10), we obtain the curve marked B in fig. 4 . If, on the other hand, M = constant, we should obtain the straight line A.
It is quite clear that the curve B does not fit the observations at all.) We are therefore forced to the conclusion that M is almost independent o f the fraction of surface covered. A detailed study of the electrical proper ties of the hydrogen film will make a fuller interpretation possible. Such an investigation will be carried out shortly.
From equation (2) we obtain Q -4Xx -X 2 = (D + 18)/2 -
This gives the heat per gram-atom* required to remove the first atom of hydrogen from a completely covered surface. From (5), (6), and (4) we obtain v Xx = 1400 calories.
* This neglects any disturbance produced in its neighbourhood by the molecule that is being adsorbed. The effect o f such disturbance will be greater on X x than on X 2. t W hen an atom is adsorbed, the dipole m om ents o f the surrounding adsorbed atom s are reduced. The mutual potential energy o f these atoms is thus altered. A n approxim ation calculation o f the effect o f including the additional term due to this shows that the fit with the observations is made worse. A n approximate calculation for a m obile film with similar variation o f M indicates that the departure from linearity is also very marked.
The numerical results which can be deduced from the experiments using these equations are given in Table II . D is taken* as 101 kilocalories per mol H 2 and a as 3 • 1 X 10~8 cm. It has been mentioned above that the contact potential of a tungsten surface completely covered with caesium atoms (3-6 x 1014 per cm2) against a bare tungsten surface is 2*6 volts. This gives 3 *9 x 10~18 e.s.u.
for the moment per adsorbed caesium atom. The order of magnitude is the same as for the hydrogen film, but for the latter the effective separation of the charges is less. The sign of the dipole is similar to that of an oxygen film, i.e., opposite to that of a caesium film.|
7-Stability of the A dsorbed Film
To obtain the temperature at which the adsorbed film becomes unstable, the wire was first covered with hydrogen, and then heated with a measured current i for one minute with the apparatus open to the pumps. When, after cutting this current off, the temperature had become sufficiently steady, a charge of hydrogen was admitted as before, and observations of the heating effect on the filament were taken.
As i was increased a current *0 was reached at which the heating effect due to adsorption {i.e., the amount of adsorption) became appreciable, and began to increase rapidly with increase of i. The temperature T0 at the middle of the filament when the current is i0 is the temperature at which the film is unstable for times of the order of one minute. T0 was obtained from Langmuir's tables for ideal tungsten filaments.J The results obtained in this way are shown in fig. 5 , in which the amount of adsorption in arbitrary units is plotted as a function of the maximum (central) temperature to which the filament has been heated for one minute. It will be seen that the rise in the curve occurs at about 700° K or just below.
In another paper* the evaporation of adsorbed atoms or molecules from surfaces is considered, and the formula tt = -2 -0 6 .10~13 . log10/ . (M*T*/ O) . e*/RT ( is obtained, where tf is the time in seconds taken for a film to such an extent that a fraction f of the initial number of spaces occupied remains occupied, M is the molecular weight of the evaporating particles (02 = 32), < I> is the heat of desorption in calories per mol which is assumed constant, and the numerical constant is determined from the ex periments of Langmuir and Villars on the evaporation of oxygen. We have seen in Table II that the present measurement of the heat of adsorption shows that for the desorp tion of hydrogen atoms from a com plete film on tungsten, < I> = 58,800 calories per gram-atom. The values of log10 calculated from equation (13) for O = 57 and O = 60 kilocalories per gram-atom are shown in fig. 6 plotted against 1 /T. We want to find the temperature at which it would be expected according to equation (13) that the film would become unstable for times of the order of one minute. This will occur when logic is of the order 2. It will be seen that the formula indicates that the film should begin to be unstable at temperatures of about 700° K. This is in very remarkable agreement with the experimental result, considering that the formula contains no adjustable constant. This can hardly be a coincidence, and we are justified in concluding that the assumptions on which the calcula tion is based are correct; that is, that the adsorbed film is an atomic one, and that the evaporation formula is a good first approximation. For the last atoms leaving the surface it is seen from Table II that O == 73 kilocalories per gram-atom. Using this, the evaporation rates have been calculated from (13), and are also shown in fig. 6 . The calculations indicate that to remove the last traces of hydrogen from the surface it is necessary to heat it to 900° K, or a little higher, for about one minute. 700 650 K
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8-B e a r in g of t h e R e su lts o n t h e G e n e r a l P roblem o f th e A d s o r p t io n o f H y d r o g e n
The results are significant in connexion with activated adsorption. Roughly speaking, the characteristics of this are ( ) that over a certain temperature range at a given pressure the amount of gas taken up increases with the temperature, and ( b) that the adsorption process is sometimes extremely slow, taking hours or even days to reach saturation at pressures of the order o|" centimetres of mercury. The phenomenon has been shown to occur with hydrogen on a number of surfaces: for example, nickel, tungsten, iron, copper and various mixed oxides. The behaviour with tungsten* is quite characteristic. Since the present experiments have been carried out with tungsten, this is important, as it makes it probable that what is said applies to all metals.
Most attempts made to explain the occurrence of this type of adsorption on metals involve the two following general assumptions: (i) that the system involved is the system metal-hydrogen, (ii) that the process is one of chemi-sorption as opposed to van der Waals, or physical adsorp tion.
Assumption (i) is generally made tacitly, but the present experiments show that it is inadmissible, since the behaviour of a bare surface is quite different from that observed in the type of experiment on which the idea of activated adsorption is based. It must be concluded that in these other experiments the surface was not a bare metal surface but was, before the hydrogen was admitted, at least partially covered with a layer of adsorbed gas, and that the system involved was this complicated one and not the simple system metal-hydrogen. The possible importance of surface impurities in connexion with the problem of activated adsorption has been pointed out by Burrage,* who has suggested that there is internal evidence in the experiments on activated adsorption themselves that such impurities are playing an important part in the processes that are occurring. The position, however, only becomes really clarified when observations have been made on a surface which is bare, so that the behaviour of such a surface is known. We shall discuss further, from this point of view, the behaviour of surfaces already covered with an adsorbed film and oxide surfaces in another paper.f With regard to assumption (ii), the present experiments show that in the case of tungsten the process of activated adsorption is not the simple one of chemi-sorption of hydrogen on tungsten; for, when hydrogen actually comes into contact with tungsten, the surface is completely covered with a chemi-sorbed film in a few seconds or less at room temperature, the pressure of the hydrogen being 10-4 mm or less. Furthermore, even at -190° C and at pressures of this low order, the film is formed as far as the apparatus (accommodation coefficient experiments) can detect as rapidly as at room temperature. Nothing could be less like the phenomena associated with the term activated adsorption than this. It is necessary to point this out specifically because the terms chemi-sorption and activated adsorption are sometimes used as if they are synonymous. Furthermore, elaborate theories have been proposed to show how and why chemi-sorption of hydrogen on metals takes place slowly. Such theories can only be maintained if they can be modified to show that chemi-sorption should take place rapidly. It will be realized, too, that, at any rate down to liquid air temperatures, van der Waals adsorption of hydrogen can be observed only after the metal surface is covered with an adsorbed film of some sort.
The first experiments on the adsorption of hydrogen were carried out when I held a Moseley Studentship at the Cavendish Laboratory, and I should like to thank Lord Rutherford and the Council of the Royal Society for their kindness at this time. I should also like to thank Professor Rideal for his encouragement during the time that the experi ments have been continued in the Department of Colloid Science.
S u m m a r y
A method has been developed for studying the adsorption of hydrogen on a bare tungsten surface which depends on the fact that the accommoda tion coefficient of neon is different for a bare surface and for a surface with an adsorbed film on it. It has been shown that saturation occurs at a partial pressure of hydrogen of the order of 10-4 mm or lower (see below), so that the process is one of chemi-sorption. This chemi-sorption takes place rapidly at these low pressures and at 79° K.
The heat of adsorption and amount of gas adsorbed have been measured directly on a single fine wire and the variation of heat of adsorption traced with variation of the covering of the surface. The film has been shown to be stable at negligibly low pressures at room temperature. The variation with temperature of the stability of the film has also been studied, and thus, using the measured heat of adsorption and a new desorption formula, the film has been shown to be atomic. There is one atom of hydrogen per atom of tungsten in the surface. From the results deduc tions have been drawn concerning the electrostatic forces between the adsorbed atoms and the change in contact potential when a bare surface is covered with a complete hydrogen film. The binding is of the same type as that of oxygen on tungsten. The bearing of the results on the general problem of hydrogen adsorption and, in particular, on the question of activated adsorption is discussed. Values for the accommo dation coefficient of neon on a tungsten surface covered with hydrogen are given for 295° and 79° K.
